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ABSTRACT 


The present study investigated the effects of four propor- 
tions of positive instances (1/8, 2/8, 3/8, and 4/8) and three levels 
of concept size (one, three, and five nonredundant relevant binary 
stimulus dimensions) in a conjunctive concept identification task. 
Visual stimuli were presented to 192 university undergraduate Ss, 
each serving once in a problem consisting of 96 instances. A two- 
choice response system was used with 100% informative feedback. The 
primary measure of performance employed was errors per block of 16 
instances. 

The results showed that mean total errors increased as the 
proportion of positive instances increased in the range 1/8 to 3/8, 
but that the 4/8 condition led to fewer errors than any of the other 
three. It was also found that errors increased as a negatively 
accelerated function of size. Proportion of positive instances did 
not interact with size. 

The results, interpreted in relation to other research, sug= 
gest that Ss utilized differential category frequencies as a basis 
for responding to reduce errors when this was possible. The results 
have serious implications for concept identification research, and 


for an understanding of the process of concept learning. 
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INTRODUCTION 


The primary purpose of the present research investigation is 
to determine the effect on categorization performance of different 
proportions of positive and negative instances of a concept when the 
difference in category frequencies permits probabilistic responding. 
The importance of this investigation is twofold. First, if different 
proportions of positive and negative instances lead to differential 
performance in such a situation, then this constitutes a finding of 
some methodological importance for the researcher and the educator. 
For the researcher it suggests that results may vary as a function 
of the constant frequencies of positive and negative instances em- 
ployed. For the educator, more efficient communication of concepts 
may result from the findings. Second, if probabilistic responding 
produced by this differential may be inferred, then the study may 
yield information about the process of concept identification, and 
may have implications for an understanding of other related cognitive 
activities when probabilistic responding is possible in the situation. 
This, too, may yield important information for the researcher, enabling 
him to identify, and perhaps control, yet another variable which may 
affect the isolation of learning per se as opposed to performance, 

In the typical concept identification experiment Ss are pre- 
sented with a number of stimuli which they must categorize. These 
stimuli are either exemplars of what the concept is, i.e., positive 
instances, or of what the concept is not, i.e., negative instances. 
It is through these two types of instances and informative feedback 


regarding the correct classification of each that S attempts to 
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2 
inductively arrive at what the concept is so that he may either speci- 
fy it or proceed to correctly categorize remaining instances. Because 
the concept is conveyed to S via these two types of instances, the 
relative efficiency of each type is important to an understanding of 
conceptual behavior. 

Previous studies on types of instances have employed various 
methodologies, and for the most part have investigated only a small 
number of the possible combinations of positive and negative instances. 
As such, knowledge of their differential effects on performance is not 
complete. In view of the growing emphasis on and proliferation of 
research on conceptual behavior, the effects of positive and saan hee 
instances should be thoroughly investigated under the various method- 
ologies typically employed. The present study investigates the effects 
on performance of proportions of positive vs. negative instances in 
a task involving a fixed number of stimulus presentations. 

The manipulation of proportions of these two types of instances 
is accomplished by the use of differential stimulus frequencies in a 
two=choice categorization task. It is suggested that one way in which 
the differential proportions may be effective in enhancing performance 
is by facilitating probability learning. Learning of the differential 
frequencies may enable Ss to improve their performance in a concept 
identification situation over and above any concept learning that is 
taking place, and this performance enhancement may vary as a function 
of the differential frequencies of the stimulus classes. 

In addition to proportions of positive and negative instances, 


the present study investigates the effect of concept size, or number 
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of nonredundant stimulus dimensions, on concept identification per- 
formance. This variable has yielded conflicting results in past re=- 
search, and the present study seeks to clarify its effect in a fixed 
trials situation in conjunction with the variable of proportion of 
positive (or negative) instances, 

The interaction between these two major variables is also of 
interest since it would seem likely that if, as suggested, Ss utilize 
the differential frequencies as a basis for responding, then they 
should do so to a greater extent as concept size is increased and 
the task becomes more difficult. Since the potential benefit of 
probabilistic responding varies with the extent of the frequency dif-= 
ferential, then the combination of these two variables might well re- 


sult in an interaction effect. 


Concepts and Conceptual Behavior 


In recent years there has been an increase in the amount of 
interest shown in the learning, identification, and formation of con- 
cepts. This emphasis results largely from the fact that the study 
of conceptual behavior is one possible approach to the investigation 
of cognitive functioning, and more specifically to the investigation 
of thinking. Underwood (1952) states that the major approaches to 
the investigation of thinking are found in problem solving, reasoning, 
creativity, and concept formation research. In fact, one of the land~ 
marks in the area of concept learning by Bruner, Goodnow, and Austin 
(1956) is entitled A Study of Thinking. More recently Hunt (1962) 


states "We feel intuitively that concepts are things used in thoughts", 
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while Bower and Trabasso (1964) point out that the basic units of 
man's language and thoughts are concepts. 

The term "concept" has been given various definitions by writers 
in the field. For example, Bruner, Goodnow, and Austin define a con~ 
cept as "A network of sign=significate inferences by which one goes 
beyond a set of observed criterial properties exhibited by an object 
or event to the class identity of the object or event in question, and 
thence to additional inferences about other unobserved properties of 
the object or event". Heidbreder (1946) defines a concept as "A 
logical construct which, through signs or symbols or both, is trans- 
ferable from situation to situation and communicable from person to 
person", 

These definitions are somewhat theoretical and abstract. The 
definition by Bruner et al. includes not only a very general defini- 
tion of a concept, but actually emphasizes the use of concepts that 
have been acquired. Heidbreder's, too, includes only a very general 
definition of the term, but additionally emphasizes the condition 
that it be communicable and transferable to other situations. But 
neither of these concretely specifies what a concept is in behavioral 
terms, and hence they do not lend themselves well to operational 
utilization. Kendler (1961), on the other hand, provides a simpler, 
more concrete definition which lends itself to operational usage, and 
essentially defines the behavioral phenomenon to be studied. She de=- 
fines a concept as "A common response to dissimilar stimuli". In its 
parsimony, however, this definition is perhaps too restrictive. It 


excludes, for example, categorization tasks involving only two 


a | A g a 7 V on ; 
to evinw otesd i nt 


gaa 
ty 


neon eno dofdw yd ie vena sanubin : 
dootdo na yw betidtdxe ineieieiea Anttenine be eishecenen 
bre (aotteenup «i tneve to tosido. sail % vitsnebs seal. 
%o seltteqoxs bevreedomy temto. aiden neouetotnt fa 
A® es dasonoo 5 aenttob (oser) xebetdb lok Stone 10 ¢ | 
-enett et ,fited 10 witseaee xo ange dguoruld: wits 
ot noeteq ott eldsolamuon bar soitantte ot r iS. 


an 


ed? .tostseds bos feotteroods dedwemos it sooksinted 


~iatteb sata ytev a yino ton eebsfone. | tet a dex 


=a 


tant sabia to say orld costeartqm ‘i Sanitls uss) aa | 


fetenes yrov s yino cennteet, fas cea oH ..! Dents om 


tf .atottensia tedto ot oldarstenort nes 


~~ 


iprekeges rt ‘ak. si a “tartw aaiiaaie 


_ bane oar Leileatis ot tone abet rs pe 0 


NGA / 
sét al "theme xel.baieetb 09.08 mh | 
aI. ,evisoizsset cot nied . 


z. ap 
ot sp ahaa “lea 


categories where no irrelevant dimensions are present, but where 
multiple relevant dimensions are present. This situation certainly 
cannot be considered a simple discrimination task (except insofar as 
all concept learning tasks might be regarded as such), nor can it be 
regarded as a paired associates task, except in that one of the types 
of stimuli constitutes a class by itself. 

Further differences and similarities between these and other 
definitions of the term would be interesting to consider in greater 
detail. Hunt (1962) considers some of these definitions at length. 
Such differences and similarities are irrelevant, however, for the 
purposes of the present paper, and any definition which includes or 
implies that a concept is an ideational class will suffice. 

There is no disagreement on the fact that conceptual behavior 
involves classification or categorization. Indeed, Bruner et al. 
suggest that all cognitive activity is dependent upon or involves 
the categorization process. They state that categorizing accomplishes 
several things for the human organism. Briefly, these might be stated 
as follows: (1) The organism reduces the complexity of its environ- 
ment by categorizing discriminably different events as being equiva- 
lent; (2) Categorizing constitutes the means by which objects in the 
world are identified; (3) The necessity of constant learning is re- 
duced by the establishment of categories based upon sets of defining 
attributes; (4) Categories provide a direction for instrumental acti- 
vity; and (5) Categorizing enables us to order and relate classes of 
events, 


The S's task in the typical concept identification experiment 
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6 
is to classify different stimuli, and to discover through trial and 
error the rules whereby objectively different stimuli are assigned 
to the same category. This class of behavior usually does not in- 
volve the acquisition of novel attributes since the perceptual dis- 
criminations and names of attributes relevant to the solution of the 


problem are already a part of the person's behavioral repertoire. 


Terminology 


In order to facilitate communication, explanation or definition 
of some frequently used terms in the area of concept learning research, 
as well as in the present paper, are presented. 

Experimental studies of concept learning involve different 
forms of categorizing behavior. If an array of stimuli is presented 
to S and he is instructed to divide the stimuli into categories of 
his own choosing, then it is most appropriate to refer to this process 
as concept formation. Perhaps more frequently, however, serial pre- 
sentations of stimuli are used and S is instructed to categorize on 
the basis of some concept that E has in mind which S is to discover. 
In this latter case it is more appropriate to use the term concept 
identification. In this process, when S correctly identifies the 
rules for categorization it is said that S attains the concept. 
Attainment is usually operationally defined. 

The term dimension refers to some aspect of the stimuli which 
may vary between two or more values, or levels, on that dimension. 
Binary dimensions are frequently used, and these appear at two dif- 


ferent levels in a series of stimuli. A dimension appears at only 
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one of its levels in a given stimulus. Thus, a given stimulus pat- 
tern will involve a given value of each of one or more dimensions. 

For example, if color is a binary dimension, it would appear at either 
of two different values or levels, such as red and green, in different 
stimulus presentations. The dimensions may be subdivided into rele- 
vant dimensions and irrelevant dimensions. A relevant dimension is 
one which is essential to the concept in question. For example, in 
the concept "two squares", number is relevant, as is shape. An ir- 
relevant dimension is one which appears at its different levels in a 
series of examples of the concept, but which is nonessential to the 
concept in question. For example, in the concept "two squares", 

color would be irrelevant if it varied between red and green in dif- 
ferent examples of the concept. A single stimulus pattern is called 
an instance. Instances may be either positive or negative. A posi- 
tive instance of the concept is any stimulus which contains the cer- 
tain specified (positive) levels of all relevant dimensions. A 
negative instance of the concept is any stimulus which does not con- 


tain all positive levels of all relevant dimensions. 


Research Perspective 


While human conceptual behavior has long been of interest to 
psychologists, it was not until the early 1950's that it became a 
major area of laboratory experimentation. Since then the number of 
experimental investigations has increased considerably. Reviews of 
the research literature on conceptual behavior by Tracy Kendler (1961), 


and more recently by Bourne (1966), clearly indicate the broad scope 
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encompassed by these investigations. 

H. Kendler (1964) observes that this research has taken two 
major directions. One of these consists of efforts to discover sys- 
tematic relationships between stimulus events and a common response. 
In this group, the emphasis is placed primarily upon the stimulus- 
response relationship. The other major direction is focused on the 
mediational mechanism responsible for conceptual behavior. In this 
case, the internal cue instead of the association is the main focus. 

It is with the former of these two directions that the present 
study is associated, in that it investigates the effect on performance 
of certain stimulus variables using methodological procedures aeeteiea 
for research of this type. Among the variables investigated within 
this overall approach have been stimulus redundancy, feedback, stim 
ulus complexity, and amounts of information, to mention just a few. 

Before proceeding to consider research related to the specific 
variables of concern in the present paper, two early research investi- 
gations will be briefly described which constitute prototypes for much 
of the work done since, 

Laboratory research in concept learning dates back to Hull's 
(1920) classic study using Chinese characters as stimuli. Hull used 
six packs of 12 cards each with Chinese characters drawn on them, 
Subjects were shown each card in a pack for five seconds. Simul- 
taneously E made a nonsense sound such as “oo", or "yer". Each sym- 
bol that was paired with a particular sound had some component of the 
symbol in common with other symbols paired with that same sound. 


After E went through the first pack of 12 cards making sounds with 
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each symbol, the S's task was to see if he too could make the correct 
verbal response as each card was shown in succeeding packs, Hull then 
measured the number of trials to learn the concept. Most importantly, 
he measured the percentage of correct responses on the first trial 
of each pack of cards. The results on this latter measure showed a 
negatively accelerated function ranging from 27% on pack number two, 
to 56% on the last pack. An interesting aspect of the results was 
that some Ss reported that they did not see the component of the sym- 
bol designated as the concept, but they were able to determine that 
the symbols going with the same sound looked somewhat alike, or that 
they had a feeling for what the concept was without any specific : 
awareness of the essential component. 

In the 1940's, Heidbreder (1946, 1947) carried out a series 
of experiments similar to Hull's. She showed her Ss 15 series of 
drawings on a memory drum, each series consisting of nine pictures. 
Each picture was paired with a nonsense name, and the S's task was 
to anticipate the nonsense name whenever possible. Each series was 
learned to a criterion of two perfect trials. Her stimuli contained 
pictures of concrete objects, spatial forms, and abstract numbers. 
For example, a tree was always a "mulp", a circle form was always 
a "fard", and a stimulus configuration containing six figures was 
always a "mank", On the basis of her results she concluded that con- 
cepts involving concrete objects are the most easily learned, the next 
easiest are spatial forms, and the most difficult are concepts involv- 
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Focus of the Present Investigation 


Laboratory research on conceptual behavior often begins with 
the observation that some variable appears to be of importance in 
such functioning. One example of such a research program has to do 
with the effects of the number of variable dimensions associated 
with a class of objects. Considering for a moment only those dimen- 
sions which constitute an integral part of a concept, i.e., relevant 
dimensions, it would seem likely that the greater the number of these 
necessary to define a concept the harder it will be for a person to 
identify or learn that concept. When only one such relevant dimen- 
sion is involved, the task is a simple discrimination task. But 
when more nonredundant relevant dimensions are necessary to define 
the concept, then the task becomes more difficult. The question 
arises as to how much harder it becomes with the addition of more 
and more relevant dimensions. The answer to this question is not en-= 
tirely clear in that research on amounts of relevant information, or 
number of relevant dimensions, have yielded partially conflicting 
results. The present study attempts partly to focus on this issue, 
referring to this variable as "concept size". Certainly any general 
understanding of how people learn concepts will have to consider any 
effects of concept size since it is known that the variable makes a 
difference in concept learning, and it is obvious that concepts out-= 
side and inside the laboratory vary in terms of their numbers of 
relevant dimensions. 

Another such variable of importance to a general understand= 


ing of concept learning has to do with the way in which concepts are 
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11 
transmitted to the person. It is possible to convey a concept in 
terms of exemplars of what the concept is not as well as by exemplars 
of what it is. The results of previous studies which focused on 
types of instances would lead to the general conclusion that posi- 
tive instances are more effective in transmitting a concept. A pre- 
vious study (Wargo, 1960) which varied the number of relevant stim- 
ulus dimensions, but which held constant a particular proportional 
division of positive and negative instances, produced results which 
appeared to be partly a function of the constant level of the pro- 
portions of positive and negative instances employed. From this it 
appeared that Ss may respond on the basis of learned probabilities 
of the correctness of responses and use this information to enhance 
their performance. It is inpendesdes therefore, to determine what 
effect the opportunity for probabilistic responding might have on 
performance since in categorization tasks this opportunity might 
often be present due to the nature of the task involved. The experi- 
ment reported here addresses itself to this by varying the proportion 
of each of these two types of exemplars, or instances, in an effort 
to see what effect this has on performance, If it is demonstrated 
that the opportunity for probabilistic responding does have an effect, 
then this will have important implications for methodology in concept 


identification research. 
Relevant Research 


A, Amounts of Information: One way of classifying concept 


learning tasks is in terms of the number of stimulus dimensions that 
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12 
vary. A convenient method of quantifying concept problems is in terms 
of the information theory concept of "bits" of Se eer ee (Miller, 
1953). When bi-level dimensions are used, as is the case in the 
present study, the number of ade of information contained in the 
problem is equal to the number of these binary dimensions, The total 
amount of information may be further subdivided into the eae of 
relevant information and the amount of irrelevant information con- 
tained in the problem. The amount of irrelevant information refers 
to the degree of "complexity" of the problem. The amount of relevant 
information, or the number of relevant binary dimensions involved, is 
sometimes known as "concept size". | 

Systematic investigation of amounts of information began with 
the paper by Archer, Bourne, and Brown (1955). Their problems con- 
tained two bits of relevant information, and up to five bits of irrele- 
vant information. They ran Ss to a criterion and found that task 
difficulty increased as the amount of irrelevant information was in- 
creased, as indicated by number of errors and number of trials to the 
attainment of the concept. Performance deteriorated as a positive 
exponential function of the amount of irrelevant information. 

This work led to a series of investigations of visual concept 
learning in which task complexity was involved. The studies by Brown 
and Archer (1956), Bourne (1957), Bourne and Pendleton (1958), Walker 
and Bourne (1961), and Wargo (1960) all found similar results to those 
of Archer et al. in that performance was found to deteriorate as a 
function of the amount of irrelevant information contained in the prob= 


lem. Some studies in this series contained fixed numbers of trials 
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13 
and in others Ss were run to a criterion. However, unlike Archer et 
al, all found the relationship between performance and task complex-= 
ity not to deviate from linearity. One additional investigation by 
Bulgarella and Archer (1962) employed auditory stimuli entirely. 
Subjects were run to a criterion and their results were consistent 
with the findings of the majority of visual studies in that only the 
linear component of the trend was significant. 

Some of these investigations also varied amount of relevant 
information. The experiment by Walker and Bourne involved one, two, 
and three bits of both relevant and irrelevant information. Subjects 
were run to a criterion. The number of response categories was varied 
depending upon the amount of relevant information contained in the 
problem. The number of categories into which stimuli were placed was 
ory where n was the number of relevant dimensions. Therefore, there 
were two, four, and eight categories, respectively. In addition to 
finding that performance deteriorated as a linear function of amount 
of irrelevant information, they report that errors to criterion in- 
creased as a positively accelerated function of the amount of relevant 
information. 

Bulgarella and Archer also varied amounts of both relevant and 
irrelevant information. One, two, and three bits of relevant infor= 
mation, along with three levels of irrelevant information, were em= 
ployed in a two category response situation. Their results showed 
that on all measures=-=-number of errors, trials, and time scores-= 
performance worsened as the amount of relevant information was in= 


creased. The effect of amount of relevant information was found to 
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14 
be linear, unlike the positively accelerated function found by Walker 
and Bourne. 

Wargo's study used zero, one, two, three, and four bits of 
irrelevant information, and one, two, three, and four bits of rele- 
vant information with visual concept stimuli. As in the Bulgarella 
and Archer study, the stimuli were placed in one of two categories. 
However, Wargo's procedure differed in that he ran Ss for a fixed 
number of trials. In addition to finding that performance deteriorated 
as a linear function of amount of irrelevant information, it was found 
that as the amount of relevant information was increased, performance 
deteriorated as a negatively accelerated function, 

The difference in findings between the studies by Walker and 
Bourne, Bulgarella and Archer, and Wargo regarding relevant informa- 
tion should be emphasized. To summarize, all three found performance 
to deteriorate as a function of amount of relevant information. How- 
ever, Walker and Bourne found this function to be positively acceler-= 
ated, Bulgarella and Archer found it to be linear, and Wargo found it 
to be negatively accelerated. Since Walker and Bourne used a consider= 
ably more complicated response-categorization system than the other 
two studies, it is likely that the positively accelerated increase in 
performance decrement might be explained by the fact that they increased 
response uncertainty as they increased amount of relevant information. 
The investigations carried out by Bulgarella and Archer and by Wargo 
were similar in that they both involved the same differential cate= 
gory frequencies. They did differ, however, in terms of the sensory 


modality to which stimuli were presented and in the dependent variable 
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15 
measures employed. It is conceivable that the difference in the form 
of the performance functions could result from the differences in 
sensory modality. Further investigation of this variable would be 
necessary. 

Wargo suggests that a more likely explanation is to be found 
in the differences between measures and consequent task focus in- 
herent in a fixed trials situation as compared with a trials to cri- 
terion task. Since both of these studies employed 25% positive and 
75% negative instances, the opportunity existed for probabilistic 
responding based on this frequency differential. Subjects may well 
have learned the respective probabilities associated with the two 
response categories in either study, but they would have been more 
apt to utilize this information to improve their performance in the 
case of the fixed trials situation, where the primary focus of the 
task was upon making correct responses. In the trials to criterion 
situation, Ss were possibly focused upon problem solution to the rela- 
tive neglect of errors made in the process, In addition, if proba- 
bilistic responding were utilized, this would have been reflected 
directly in the performance measure employed in the fixed trials 
situation, but would not have been as clearly reflected in either of 
the two primary measures employed in the trials to criterion pro=- 
cedure. The effect which probabilistic responding would be expected 
to have upon performance would be to reduce the proportion of errors, 
or error rate. This is essentially the measure that was employed in 
the Wargo study, namely, errors per 96 trials. The errors to cri- 


terion measure obtained in the Bulgarella and Archer study does not 
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directly reflect error rate, since number of trials involved was not 
held constant, and this measure would be expected to covary with the 
trials to criterion measure since the two were not independent. 
Since the trials to criterion measure does not reflect error rate, 
it should be unaffected by probabilistic responding. Since it was 
also suggested that as task difficulty increased, the incidence and 
extent of probabilistic responding would also increase, this might 
well produce a negatively accelerated error function where such re- 
sponding was being reflected, 

Wargo suggests that his Ss may have reduced their error rates 
by pressing the lever representing negative instances all the time, 
i.e. probability maximizing, while still gaining the same information 
leading to the correct solution of the problem as they would have by 
varying their responses. This explanation was further supported by 
the fact that the level of errors made by Ss as amount of relevant 
information increased appeared to be reaching a ceiling at approxi- 
mately 25% errors. 

B. Positive and Negative Instances: A series of studies was 
carried out by Smoke (1932, 1933) on the relative effectiveness of 
positive and negative instances in concept learning. This series 
compared concept learning using arrays of all positive instances as 
well as mixed arrays of equal numbers of positive and negative in- 
stances. In addition, simultaneous and serial modes of presentation 
were investigated. Using the amount of time taken to learn the con= 
cept, Smoke found no statistically significant differences between all 


positive instances and mixed arrays. That is, he found no evidence 
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of faster learning by one method or the other. He did find, however, 
that in simultaneous presentation, Ss tended to prefer mixed arrays 
to all positive arrays. He also found in the case of serial pre- 
sentation that negative instances tended to confuse some Ss. Whereas, 
in simultaneous presentation, negative instances permitted contrast 
with the positive instances and therefore seemed to make learning 
somewhat easier, even though it did not show up in the form of faster 
learning. In brief, Smoke pointed out that while negative instances 
did not make for speed of learning, they tended to facilitate accuracy, 
especially in the case of more difficult concepts. He suggested that 
negative instances may assist concept learning in that they may pre- 
vent the learner from coming to erroneous conclusions while still in 
the midst of the learning process. 

Smoke's experiments led to a series of studies by Hovland and 
Weiss (1953). They investigated differences in difficulty and assimi- 
lation of material presented in the form of positive and negative in- 
stances. Since the same concept may be transmitted by either a given 
number of positive instances or a given number of negative instances, 
Hovland and Weiss employed the minimum number of instances necessary 
in order to adequately specify the concept, such that any difference 
in learning the concept could then be attributed to differences in the 
difficulty of assimilating information contained in positive instances 
as compared with information contained in negative instances. Their 
procedures involved both successive presentation and simultaneous 
presentation in order to compare these, as well. In addition, Ss were 


told beforehand the total number of dimensions which would be involved 
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18 
in each problem, the number of relevant and irrelevant dimensions in- 
volved, the number of values for each dimension, and the number of 
correct values on each relevant dimension. They were also given prac- 
tice problems with error correction. Then they were presented with 
the minimum number of instances necessary to completely specify the 
concept. Results showed that the correct concept was attained by a 
higher percentage of Ss when the concept was transmitted by all posi- 
tive instances than by all negative instances, with mixed positive 
and negative instance presentations falling between. It was also 
shown that more Ss were able to attain concepts presented in the form 
of all negative instances when the instances were displayed simul- 
taneously than when they were presented successively. Hovland and 
Weiss pointed out, however, that under appropriate conditions, over 
half the Ss were able to attain the correct concept exclusively on 
the basis of negative instances in the minimum number of instances 
necessary to specify the concept. 

A very recent experiment by Schvaneveldt (1965) varied the 
probability of positive instances along with the amount of relevant 
information contained in the problem. He used three levels of proba- 
bility of positive instances, .125, .250, and .500. Number of rele- 
vant stimulus dimensions were one, two, three, and four. These two 
variables were combined in a factorial design and Ss were run to a 
criterion of 32 consecutive correct responses in a dichotomous classi-=- 
fication situation. Schvaneveldt found that the overall effect of 
probability of positive instances was significant. Successive halving 


of the probability of positive instances led to a linear increment in 
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19 
trials to criterion. Generally, as the probability of positive in- 
stances increased, the mean number of trials to attain criterion de- 
creased. The interaction between number of relevant dimensions and 
probability of positive instances was not significant. 

Freibergs and Tulving (1961) investigated changes in perform- 
ance across a series of visual concept problems presented entirely in 
the form of either all positive or all negative instances. All con- 
cepts could be conveyed by four instances of either type. Subjects 
were assigned to either the positive or negative instance condition 
and presented with twenty successive problems. Their task was to 
verbalize the concept. Mean time to solution was used as the perform- 
ance measure, with a limit of 5.5 minutes. Their results showed 
clearly that time to solution in the positive instance condition was 
very superior to performance in the negative instance condition on 
early problems. The difference gradually decreased, however, until 
there was practically no difference by the end of the series of 
twenty problems, This study supports the assertion that learning is 
superior when the concept is presented in the form of all positive 
instances. It adds the qualification, however, that this applies 
primarily to naive Ss. These results suggest that the usual positive 
vs. negative instance findings may be attributable to pre-experimental 
experience in concept learning. It further suggests that training 
with negative instances might reduce or eliminate differences between 
these two types of instances. 

One additional recent report which should be cited here is a 


paper by Mandler, Cowan, and Gold (1964). It is relevant to the study 


er » ae - ‘ : , 
1h sal 
-tk evitineq so ennsainy re cotton an 2208 


«ob noktet ine katte of elaine Ye tedium meom ont tu 
bans satinaeiinitle dasvelet to tedmur neowled ft avo. medah 
+ sdemeittapte-dor sew neonatent ev ! 
-mtotieq ai sepracdo eine heawnt (reer) ativia? | = ' 
at vlortins betnoeerq ameldotg ape fasetv to vot 
-coo [[A .eeonadent evidenen IIs to ovitteog thes 
atoetd -.eqyt todtie to oonntant sot wd boy sola od 
tottibsos eomsteri evitezen to ovitieog orld sosldHO 9 be 
of naw yest ttedT .ameldorg énjubactan Wend = . 
-mrotieq eft sa beau eaw noidulos ot emit asm - 
~~» beworle ed {emer atesiT hile c.é Yo simbl = 
caw moltibroo sonsdant ovisizog oid at nottubos of a en ‘ 
0 noiskbnoo eentasert eviseszen edt nt eoniaeelh | 
Litow cova  bonsertoob vlLouber cone tetiib on 
to seiter edt to. bare otis yd sonenstiahe On a eaw. 
ef acinreel date noidteses se ‘edvoqante Ths: a 3m ae ¢ q 


= a acl a 


aetig Ps sales 


ene et riit okt 


evitieog [fp to mot oft ai besdneaotd ed. 


eetlqas edd dailt etevenor roksan !3tasp 


evitivog Lareu ont tedt Jeogaue st liner pert ae 
Lesmemt toqxe~e4 ot ofdatwdintts od set conta? : 7 , 

ri = Lie 

clit ddd eseoguue ‘reddmrt , sua beree ots 

. peewted evoneteYtAb odanimifo 10 eouber gine we Fgh tad 

| 1 . Ry 3 : _ i. iar 


pa ered bette od bivode dotdw troqex tne 
vbute edd of tnavetes et $1 .(HOQh) fo bas ent 


20 
of types of instances since these researchers investigated the match-= 
ing of response frequencies to the frequencies of the two types of 
instances. More specifically, they investigated concept learning 
performance in a situation involving two-thirds positive and one- 
third negative instances. Level of difficulty of the concepts was 
also varied. They sought to demonstrate that Ss will learn the fre- 
quencies of responses and will actually probability match prior to 
concept attainment. Their results supported this hypothesis, and 
demonstrated that responding based upon probability learning varied 
inversely with task difficulty. That is, they found that the more 
difficult the concept problem, the lower was the level of probability 
responding. They suggested that the kinds of hypotheses that Ss de- 
veloped based on concept information diverged from the probability 
structure of the task and thus tended to lower matching behavior. In 
other words, as Ss developed hypotheses concerning the concept itself, 
their responding deviated from hypotheses based upon the frequency of 
input, or probability matching hypotheses. This then led to deviation 
from asymptotic levels based upon frequencies alone. 

Mandler et al. concluded that concept learning and probability 
matching go on concurrently in such problems. They pointed out that 
probability matching results in some improvement in event matching 
performance i.e., responses based on concept learning, and either 
probability matching or event matching will yield better than chance 
success. When no other alternative is available to Ss, probability 
matching occurs, leading to improved performance. When both concept 


learning and probability matching are available, they will match the 
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21 
probability structure as well as engaging in more efficient event 


matching behavior. 


The Present Investigation 


The present research was stimulated by the inconsistency among 
some of the previously mentioned studies with respect to the effect 
of number of relevant stimulus dimensions on concept identification 
performance. Walker and Bourne (1961), Bulgarella and Archer (1962), 
and Wargo (1960) each found different performance functions as size 
was increased. Walker and Bourne's positively accelerated function 
very likely resulted from their confounding of response uncertainty 
with size. The difference between Wargo's results and Bulgarella and 
Archer's results may well be attributable to a difference in method- 
ology. This interpretation suggests that, in a task involving a fixed 
number of trials and unequal category frequencies, Ss may use the fre- 
quency differential to reduce errors, and may do so to a greater ex~ 
tent as concept size increases. This suggestion is consistent with 
the findings of Mandler et al., reported since the inception of the 
present study, except insofar as they concluded that difficulty and 
probability responding were inversely related. The scope of their 
investigation was limited, however, in that they used only one fre- 
quency distribution of positive and negative instances. 

It would seem likely that Ss would be able to utilize this 
frequency differential with greater benefit as the differential is 
increased. Thus, if 7/8 of the instances were positive and 1/8 nega- 


tive, then Ss should be able to minimize errors to a greater extent 
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22 
on the basis of probability learning alone than if this differential 
involved 5/8 positive instances and 3/8 negative. Therefore, the 
greater the differential the greater would be the benefit to pre- 
attainment performance if the probability learning were maximally 
utilized. Also, the greater the differential, the greater should be 
the obviousness of that differential. 

In this example, however, if it were shown that Ss given prob- 
lems containing 7/8 positive and 1/8 negative instances were superior 
to Ss given problems with 5/8 positive and 3/8 negative, the inter- 
pretation of these results would be open to debate. Performance 
superiority on the problem with the greatest frequency differential 
would support the probability learning suggestion, but it would also 
be consistent with what is known about the effects of proportions of 
positive and negative instances. That is, on the basis of an inter- 
polation and generalization of the results of the studies by Hovland 
and Weiss (1953) and the results reported by Schvaneveldt (1965), it 
is likely that performance on concept learning tasks is enhanced by 
greater numbers of positive instances. As a result, an alternative 
explanation would be available, and the presence of any pre-attainment 
probability learning would be in question. This potential problem is 
avoided by reversing the proportions, or by studying the opposite end 
of the continuum of frequency differentials, such that there are fewer 
positive instances (or else an equal number) compared with negative 
instances. In this arrangement the condition which lends itself to 
the greatest extent to probability learning will be at one extreme of 


the differential frequency conditions, and the condition which should 
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23 
facilitate maximum concept learning will be at the other extreme. The 
actual differential conditions employed in the present study are as 
follows: 1/8 positive and 7/3 negative instances; 2/8 positive and 
6/8 negative; 3/8 positive and 5/8 negative; and 4/8 positive and 4/8 
negative. 

While probability learning studies have demonstrated that Ss 
learn to respond on the basis of past frequencies, they typically in- 
volve situations where there is no solvable problem. The present 
study attempts to determine the effects on performance when differen- 
tial category freauencies may be used as a basis for pre-attainment 
responding in a solvable concept identification task. 

Specifically, the present research was designed to investigate 
the effect of different proportions of positive and negative instances 
in the range of differential frequencies indicated above, for a fixed 
number of instances, over a range of problems of different sizes. 

The results should lend support to either of two predictions which 
might be made regarding this variable. If performance improves as 
proportion of positive instances increases, then the finding will be 
consistent with other research on positive and negative instances. 
The superiority of positive instances will then be shown to apply 
under the differences in methodology employed in the present study 
i.e., fixed number of instances, errors as measure, etc. The likeli~ 
hood of probabilistic responding in such a situation would then be 
contraindicated. On the other hand, if performance is better with 
fewer positive instances and a greater frequency differential, then 


this should constitute evidence for probabilistic responding as an 
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24 
aid to performance in such a situation, and as such, will constitute 
a demonstration of a phenomenon which may be important to both re 
search methodology and an understanding of the concept identification 
process, 

If learned frequencies are used as suggested, it is possible 
that they will be used to a greater extent as the concept becomes more 
difficult to attain since Ss will be instructed to make the maximum 
number of correct responses, This is the usual instruction in con- 
cept identification studies where Ss are run for a fixed number of 
instances. As such, the variable of concept size will also be in- 
cluded to determine whether proportion interacts with size. Size is 
of interest in its own right, however, in light of the inconsistency 
in the results of studies on this variable. Its inclusion will thus 
constitute a partial replication of the earlier study by Wargo (1960). 

Changes in performance over the course of the problem will 
also be studied to facilitate investigation of these major variables, 
and because relatively little is known about performance changes over 


the course of concept problems (Hunt, 1962). 
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METHOD 


Subjects 


Subjects used in the present study were 192 undergraduate 
students enrolled in the introductory psychology course at the 
University of Alberta, Edmonton, during the 1964-65 academic year. 
Half of the Ss were men and the other half were women. Students 
in the course were required to serve as Ss in a limited number of 
experiments during the school year as a course requirement, but 
participation in any particular experiment was not required. All 
Ss volunteered and participated in the present experiment during 
the first six weeks of the academic year. 

Subjects were assigned to experimental conditions randomly 
by pairs of the same sex. Each pair was used only once for an ex~ 
perimental session lasting approximately 20 to 30 minutes. Data 
on all Ss were used except in cases of apparatus failure, or if an 
S gave clear evidence of not understanding the instructions. In 


such cases the S pair was replaced. 
Instructions and Task 


Instructions were presented to Ss by means of a tape recorder, 
Subjects were instructed that they would see a series of 96 "slides" 
presented on a screen; that they were to place each into one of two 
categories, designated by two buttons on a panel in front of them; 
that some of the slides correctly belonged in the "plus" category, 


designated by the button marked by the "ylus" sign, and all others 
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26 
belonged in the "unmarked" category; that a light would go on over 
the correct button to let them know whether their response was cor- 
rect or not; that they should make as many correct responses as 
possible; and, that they should try to "figure out what it is about 
some of the 'slides' that makes them go in the 'plus! category", 
i.e., try to identify the concept, so that they might make all 
correct responses thereafter. Complete instructions are presented 
in Appendix I. 

The task confronting each S was thus to classify each instance 
as it appeared on the screen into one of two categories by pressing 


one of the two buttons. 


Variables and Design 


The variables of major experimental interest were concept 
size, or number of relevant binary dimensions contained in a problem, 
and proportions of positive and negative instances. Three levels of 
concept size were used; one, three, and five relevant nonredundant 
visual dimensions. Four levels of proportional divisions of positive 
and negative instances were employed, as follows: 1/8 positive and 
7/8 negative; 2/8 positive and 6/8 negative; 3/8 positive and 5/8 
negative; and 4/8 positive and 4/8 negative. Hereinafter this var- 
jable will be designated as "proportion of positive instances", or 
simply "proportion", and a level of the variable will be designated 
by the proportion of positive instances only, e.g., "3/8 positive", 
or "3/8", 


Two additional variables were employed. One of these was sex, 
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27 
since it was of secondary interest to determine any sex differences 
which might exist in connection with the variables of interest. The 
other variable was problems. Two different problems were used at each 
level of concept size to reduce the likelihood of results idiosyn- 
cratic to particular dimensions, levels of dimensions, or combina= 
tions. A problem here is defined as a particular combination of dim- 
ensions and levels of dimensions, Since the number of dimensions de- 
termines concept size, obviously different problems had to be employed 
at each level of concept size. As such, problems were nested within 
each level of concept size, constituting a partially heirarchical 
design, All other variables were orthogonal. One irrelevant dimen- 
sion was used in each problem to elevate problem complexity. 

Since each problem contained 96 instances, it was possible to 
divide these into six blocks of sixteen instances each for repeated 
measures analysis. This required that the proportional division hold 
for each block separately in order to make them comparable. 

The design was thus a 3 x 4x 2 x 2 x 6, partially orthogonal, 
partially heirarchical design, with repeated measures. Subject pairs 
were randomly assigned to one of the 48 conditions, with two pairs 
falling in each cell for a total of four Ss per cell. A given S or 


pair of Ss received only one problem. 


Apparatus 


A single experimental room was used for running all Ss. The 
room was divided into two portions by a fiberboard partition, in the 


middle of which was a translucent 8 x 11 in. screen surrounded by a 
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1% in. black border. The two Ss sat facing the screen at small indi- 
vidual tables equipped with response~feedback panels. The S's edge 
of the table was 495 in. from the screen. Between the two Ss was a 
movable partition 52 in. high and 42 in. wide which shielded Ss from 
each other and from each other's response-feedback panel, Lighting 
was very dim during the experimental procedure so as to allow clear 
perception of the stimulus configurations appearing in the screen, 
yet enough light was available so that Ss could clearly see their 
response-feedback panels. 

The response-feedback panels were made of wood and painted 
grey. Two response buttons, 6 in. apart, were set in the slanted re- 
sponse panel 13 in. from S's edge of the table. Behind these, on a 
vertical board projecting above the button panel, were two green 
lights, aligned vertically with the response buttons. Beneath one 
of the two buttons was a large "plus" sign made of black tape. The 
"plus" button was on the right on one of the two panels and on the 
left for the other, 

Each time a S pressed one of the two response buttons the light 
over the correct button went on. It remained on until two seconds 
after the last of the two Ss responded, when both Ss' lights went out. 

Behind the partition was located the remainder of the appara- 
tus, including a 16 mm, Dunning-Animatic strip film projector fitted 
with a Bell and Howell, one in., F/1.9, Inerelite projector lens. 
The lens projected the stimuli onto the screen through an area sur- 
rounded by a cardboard rectangular enclosure to reduce the amount of 


stray light on the screen so as to maintain relatively constant 
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lighting conditions and maximal resulution of the stimulus figures. 

Two Lehigh Electronic event recorders, one for each S, were 
used to record Ss! responses as well as the type of instance=--positive 
or negative--presented. The latter were recorded automatically on 
the same tape record for ease of scoring and as a check on the syn- 
chronization of program tape and strip film. Total time taken per 
pair of Ss was recorded by E, using a stopwatch, and included the 
time from onset of the first instance to the onset of the first blank 
frame following the 96 instances. 

The entire system was automatic, requiring only turning the 
system on and then off at the end. Electrical components and con-= 
trols were built into a panel for ease of operation. This included 
a light sensitive relay mechanism activated by a punch tape which 
was synchronized with the strip film. For each of the 24 film strips 
there was a corresponding program tape. This tape determined which 
of each S's two lights would go on when he responded to each of the 
96 instances. The light corresponding to the correct response button 
went on immediately following each response and remained on until the 
last of the two Ss responded. A time delay relay then was activated, 
and the light corresponding to the correct response button on each 
S's panel, as well as the strip film frame, remained on. At the end 
of the two second delay, the feedback lights went out and both the 
strip film and program tape advanced simultaneously, marking the on- 
set of a new trial or instance. 

Prior to starting the experiment all combinations of types of 


stimuli and responses were checked so as to eliminate the possibility 
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30 
of differential cues being presented to one or both Ss as a result of 
such things as the other S's feedback lights being reflected off the 
walls, or from differentially clacking relays, or differences in the 
movement of the recorder pens. All such cues were removed. An 5 
could tell when his partner responded, but not which response he made 


or which feedback light went on. 


Problems, Programs, and Stimuli 


Each problem consisted of a series of 96 instances, or stimu- 
lus configurations. These were composed of combinations of up to six | 
binary visual dimensions, as follows: (1) shape, squares or circles; 
(2) size, large or small; (3) number, two or three; (4) vertical posi- 
tion, top or bottom; (5) horizontal position, right or left; and (6) 
orientation, vertical or horizontal array of figures. 

A positive instance of the concept was defined as a particular 
level of a relevant dimension or combinations of positive levels of 
relevant dimensions. 

Since the three levels of concept size consisted of one, three, 
and five nonredundant binary dimensions, in addition to one irrelevant 
dimension in each problem, this required that two, four, or six dimen~ 
sions vary in a given problem. Those dimensions not used in a problem 
were held constant at a randomly determined level. 

Differences between dimensions used, and differences between 
problems, were not of particular experimental interest in the present 
study. Archer (1962) has pointed out, however, that visual dimensions 


vary in terms of how discriminable and salient they are. He refers 
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a 
to this feature as "obviousness". He stated that the positional dim- 
ensions are particularly low in obviousness. The present study in- 
cludes two such dimensions, horizontal and vertical position. In 
an effort to maximize relative homogeniety of difficulty levels of 
problems, both of these dimensions were used in each problem at each 
level of size, Either horizontal or vertical was included as the 
irrelevant dimension in each problem, while the other of these was 
one of the relevant dimensions. Thus, when horizontal position was 
a relevant dimension, vertical position was the irrelevant dimension, 
and vice versa. At the three-relevant-dimension size, two dimensions 
were selected randomly from the remaining four dimensions, and these 
were included in both problems at that level. At the five-relevant- 
dimension size, the remaining two dimensions were added. Positive 
levels of relevant dimensions were determined by chance for each of 
the six problems separately. Table 1 shows the dimensions used in 
each problem, their positive relevant levels, and constant levels of 
unvarying dimensions. 

Four separate programs were required for each problem, one for 
each level of proportion of positive instances. The proportional 
division of positive and negative instances was maintained in each 
of the six blocks of 16 instances. Separate random sequences were 
constructed for each of the 24 separate programs. Because blocks of 
instances were treated as equal units for purposes of repeated meas- 
ures analysis, the positive instances were assigned to random posi-~ 
tions within each block of 16 instances. Since there were two pos= 


sible types of positive instances due to the inclusion of one irrele-~ 


qe. | a 


“ot aude osneng sain 


edt es bobulort ssw [soiitev io Latin 


* is 


eaw econ? to terito ond of telw nt 
saw ols iaog fntros trod srosiw ce | 
stotenomif tnevelfetal: ont eBw not? teed | 
enoltenemtbh owt ,eoxta ao teomkb <driateliien 
ezedt bas ables s tuo? calmer et 
Mamaboits oft SA Level tant te 


ovit teot sbobbs cs anoint 


t 
’ 


| bs , (asi Mi 
sot oto ,meidorq dose 10F betkuper om 


\ 


Sanat xoqorr eiT ‘nsiedbactt evisi 


dose ri bontecmtan pew “inl 


etew eoomeupes, nobann odaraqee 0008 
= he i 

to etoold eeusoek | ea TBOT edstaqes 
i 


a 20% boteeqes te neeog iy ‘toe 


aod owt etew erent oon 


, 
4 ve 


woletat eto to noiaitont © eit 
tay 


32 
Table 1 


Problems at Each Level of Size 


A Relevant Positive Irrelevant| Constant 
Size| Problem]... ; : : . a : 3 
Dimensions Relevant Level|Dimension |Dimensions 


Horizontal Vertical Number : Two 
Size Small 
Shape Circle 
Orientation: Horizontal 
Vertical : Bottom Horizontal |Number : Two 
Size : Large 
Shape : Circle — 
Orientation: Horizontal 
Number Vertical Square 
Size Orientation: Horizontal 
Horizontal :; 


Number Horizontal |Shape : Circle 
Size : Orientation: Vertical 
Vertical 

Number : Three Vertical 

Size : Small 

Horizontal : Right 

Shape Square 

Orientation: Horizontal 


: Two Horizontal 
Size : Large 


Number 


Vertical : Top 
Shape Circle 
Orientation: Vertical 
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vant dimension, each of the two types appeared once, twice, three, or 
four times in a block for the 1/8, 2/8, 3/8, and 4/8 proportions, 
respectively. The only restriction on the random assignment of posi- 
tive instances was that they not all be adjacent to each other within 
a block. Negative instances were then placed in the remaining posi- 
tions. The various types of negative instances were also distributed 
randomly. 

Each stimulus configuration was first drawn in black ink on a 
sheet of white paper, and then mounted on thin cardboard. The con- 
figurations consisted of large or small (large were twice the diameter 
or width of small) circles or squares, in arrays of two or three, in 
one of the four quadrants of the paper. Each of the stimulus cards 
also contained a cross in the center. This was a constant appearing 
in all frames. It was used mainly to provide positional reference, 
since the background in the frames when projected was dark against a 
dark surrounding. 

The stimulus cards were then photographed one frame at a time, 
according to the programs, with a 16 mm. Bolex reflex movie camera 
with a zoom lens. High contrast black and white film was used for 
maximum definition. 

The projected sizes of the individual circles and squares were 


approximately 1 in. end # in. across for the large and small respectively. 
Procedure 


Subjects were seated at the two tables, and the partition was 


positioned between them. It was then explained to Ss that they would 
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34 
first be played the tape recorded instructions, following which they 
would have an opportunity to ask questions before the experiment be-~ 
gan. It was requested that the two Ss not communicate with each other 
from this point on until they were finished with the experiment. 

The tape recorded instructions were then played. Following 
the instructions, Ss were asked if they had any questions. Questions 
were always answered by E with a paraphrase or repeat of parts of the 
instructions. Usually a question was asked as to how to classify the 
first slide. This was always answered, "on the first slide you will 
have to guess". In cases where this question did not arise, E volun- 
teered this information. In most cases only a few questions arose. | 
When both Ss indicated that they understood the task, the lights were 
turned out, and following a delay of at least a minute to permit ad- 
justment to the reduced light intensity level, the switch was turned 
on which set the system into automatic operation, including the pre- 
sentation of the first instance. 

When the entire series of 96 instances was completed, the lights 
were turned on and Ss were asked to fill ina questionnaire asking 
them, in addition to more general questions, to describe the positive 
instances, and asking them if they pressed one button more frequently 
than the other prior to identifying the concept, and why. This question- 
naire is shown in Appendix II. 

At the end of the session, Ss were asked if they were able to 
"Picure out what went into the 'plus' category" to be certain that in- 
structions had been understood and followed. In all but one case, which 
was discarded and replaced, there was no evidence that Ss had not under~ 


stood the instructions. Generally Ss found the task to be enjoyable. 
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RESULTS 


Error Analyses 


The primary measure employed in the present study was errors 
per block of sixteen instances. Differences between levels of the 
variables and interactions were tested for significance by analysis 
of variance. The results are presented in Table 2, 

Analysis of the between Ss variance indicated that the size 
and proportion main effects were both significant. The interaction 
between these two variables failed to reach an acceptable level of 
statistical significance, as is the case with the remaining sources 
of between Ss variance. Figure 1 shows mean errors as a function of 
size for each proportion of positive instances. The 4/8 group made 
the fewest total errors, followed by the 1/8 group, then the 2/8 
group, and the greatest number of errors was made by the 3/8 group. 
It is also apparent from inspection of Figure 1 that mean errors in- 
creased as a function of concept size. 

Trend tests (Winer, 1962) on these variables were carried out 
as shown in Table 3. On the proportion variable the quadratic and 
cubic components of the trend were significant, but the linear com- 
ponent was not. This indicates that mean errors as a function of 
proportion of positive instances did not vary significantly in overall 
slope from a horizontal straight line, but that the function was sig- 
nificantly curvilinear about a straight line with zero slope. The 
trend test on the size variable indicated that both the linear and 


quadratic components were significant. Thus, mean errors varied as 
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Table 2 


Analysis of Variance of Total Errors 


Source 


Problems/Size 


Sex 


Proportion 


Size x Proportion 

Size x Sex 

Sex x Problems/Size 
Proportion x Problems/Size 
Sex x Proportion 


Size x Sex x Proportion 
Sex x Proportion x Problems/Size 


Ss/Groups 
Blocks 
Blocks x Size 
Blocks x Problems/Size 
Blocks x Sex 
Blocks x Proportion 
Blocks x Size x Sex 
Blocks x Size x Proportion 
Blocks x Sex x Problems/Size 
Blocks x Proportion x Problems/Size 
Blocks x Sex x Proportion 
Blocks x Size x Sex x Proportion 
Blocks x Sex x Proportion x Problems/Size 
Blocks x Ss/Groups 
Total 
* p <.01 


ae p <,001 


MS 
752.95 
7.07 
23.06 
197.95 


21.24 
14.15 

7.05 
235.95 
40,22 


7-26 
6.79 


19.71 


545.63 


18.85 
5.20 
2.358 
6.90 


RNP 
2.88 
<65 
4.55 
T! 


2.64 
1.85 


2.58 
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Mean Errors 
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1 3 D 


Concept Size (Number of Relevant Dimensions) 


Fig. 1. Mean errors as a function of concept size for each level 
of proportion of positive instances. 
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Orthogonal Polynomial Trend Analyses on Major Variables 


Source 
Between Ss 


Proportion 
Linear 
Quadratic 
Cubic 


Size 
Linear 
Quadratic 


Between Error 


Within Ss 


Blocks 
Linear 
Quadratic 


Blocks x Proportion 
Linear x Linear 
Linear x Quadratic 
Quadratic x Linear 
Quadratic x Quadratic 


Blocks x Size 
Linear x Linear 
Linear x Quadratic 
Quadratic x Linear 
Quadratic x Quadratic 


Within Error 
Linear 
Quadratic 


* p<.0t 
** p <.001 
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49.69 
528.32 
215.84 
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2.52 
16 .66** 
10.95* 
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a negatively accelerated function of number of relevant dimensions 
for the conditions of one, three, and five relevant dimensions, 

Despite the fact that the overall interaction was not signifi- 
cant, interactions between the trend components of the size x propor- 
tion interaction term were calculated through quadratic x quadratic 
and none of the four trend combinations was found to reach signifi- 
cance, 

It should be noted that none of the between Ss sources of 
variance that were not of primary experimental interest achieved 
statistical significance. This includes the sex variable and pooled 
problems nested within sizes, as well as all interactions involving 
these variables. Therefore, performance between the two sexes did 
not differ overall, and performance means on the two problems con- 
tained in each size were also homogeneous. 

Inspection of the within Ss variance F-ratios in Table 2 shows 
that the repeated measures variable of blocks was significant, as 
might be expected, and the interactions of blocks with size and with 
proportion were also significant. In addition, the blocks x propor-= 
tion x problems/size reached significance. 

To test the significance of trend components and interactions 
of trend components in the within Ss sources of variance the appro- 
priate components of the blocks x Ss/groups were calculated and used 
as error terms. These are presented in Table 3. Since there is some 
controversy regarding the appropriateness of using the pooled error 
variance as opposed to these components (Gaito and Wiley, 1965), the 


trend variances were also tested with the pooled error mean square. 
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4o 
The results are consistent in that all F-ratios either did not reach 
Significance or were significant at p <.01 or better with both error 
terms, with the exception of the blocks-quadratic x size-quadratic 
interaction. Testing of this interaction by the component error var- 
iance yielded no significance, but with the pooled error variance it 
reached the p <.05 level. Gaito and Wiley compared the two types of 
error estimates and made a strong case for the use of the appropriate 
component error terms. As such, these are reported in Table 3. 

Figure 2 shows a negatively decelerating error trend as a 
function of blocks of instances for all groups combined. An initial 
analysis of trend components indicated that all components were sig-= 
nificant through quartic using the component error terms (Grant, 1956), 
and through cubic using the blocks x Ss/groups term, even though in- 
spection of the curves in Figure 2 suggests nothing higher than a 
quadratic component. Grant cautions that such unexpected statistical 
significance may occur in the case of logarithmic and exponential 
functions when the data are highly reliable. Therefore, the validity 
of the trend test is questionable in this particular case. The linear 
and quadratic Fs are presented nonetheless in Table 3. Fitted values 
were obtained by the orthogonal polynomial method (Winer, 1962) as 
shown in Figure 2, and it is obvious that the form of the best fitting 
curve is a decreasing logarithmic function. 

The blocks x size interaction was significant. This was prob- 
ably due in part to the fact that the one~-relevant-dimension group 
began to approach zero errors relatively early in the series of blocks, 


and was thus restricted by a natural limit. Both the blocks=linear x 
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Fig, 2. Mean errors as a function of blocks of 16 instances for each 
level of size. Also shown is the fitted function for the combined 
levels of size. The black circles show the combined size means in 
relation to the fitted function. 
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size-linear, and blocks-linear x size-quadratic components were sig- 
nificant (Table 3). The first of these indicated that the slopes of 
the trends for the levels of size, plotted against trials, were not 
parallel. From a different vantage point, slopes of the six trends 
for trials plotted as functions of size approached the horizontal 
with succeeding trials. The curvatures of the three size curves varied 
as a function of different trials. 

The blocks x proportion significant interaction is shown in 
Figure 3. It is clear that the order of the four proportion conditions 
was the same on the last four trials as it was on mean total errors. 
In the first two blocks, however, the 1/8 means are higher than the 
2/8 means. The order of the two functions then becomes reversed be-~ 
tween blocks two and three. It appears from the curves that the rate 
of performance improvement abruptly decreased in block three for the 
2/8 and 3/8 groups, but continued on for the 1/8 and 4/8 groups through 
block three, and block four showed a relatively greater decrease in 
rate of change. 

Tests on the trend interactions through quadratic x quadratic 
(Table 3) showed that the proportion-linear x blocks-linear inter- 
action was significant. A plot of the linear components of each of 
these variables against the other would show that they are not parallel. 

Table 2 shows also that the pooled blocks x proportion x prob= 
lems/size interaction was significant. Inspection of the data re- 
vealed that most of the variance was contributed by the five-relevant- 
dimension level of size, followed by the three-dimension level, and 


then the one-dimension level. The shapes of the error curves repre~ 
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Mean Errors 


Blocks 


Fig. 3. Mean errors as a function of blocks of 16 instances for each 
level of proportions of positive instances. 
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A 
senting proportions for each of the six problems indicated greater 
differences between proportions and between problems as size was in- 
creased. Generally, the functions deviated from parallel considerably. 

It will be noted in Table 2 that none of the other sources of 
variance was significant. Problems within each level of size, there- 
fore, may be regarded as relatively homogeneous in effect, and the 
performance by men and by women Ss did not differ significantly. 

Since these two variables were not of experimental interest their 
nonsignificance does not affect the primary purposes of the study. 

Contrary to expectation, the size x proportion interaction was 
not significant. Figure 1 shows a slight suggestion of an interaction, 
but this did not even approach significance. Thus, performance of 
the proportion groups as a function of size mst be regarded as essen= 
tially parallel functions. 

It should be noted that error score means were somewhat cor-= 
related with variances, producing heterogeniety of variance in the 
error scores. This situation was created by a ceiling on number of 
possible correct responses. Because of the nature of concept learn= 
ing tasks, once S solves the problem his errors should immediately 
drop to zero, beyond which they cannot go. Since this occurs dif- 
ferentially as a function of conditions if differences between con-= 
ditions are significant, as in the present study, this results in 
heterogeniety of within cells variance. This state of affairs is 
not regarded as invalidating as is pointed out by Winer (1962), in 
the light of a growing body of literature on the topic. As a safe- 


guard, Lindquist (1953) recommends using a more stringent rejection 
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45 
level than would otherwise be used. Since all sources of variance 
were significant at p <.01 or better in the present analysis of errors, 


the results should be regarded as valid. 


Concept Attainment 


In the assessment of concept identification performance, errors 
per block constitutes only one of the dependent variable measures 
possible. Another way of looking at the present data is in terms of 
the number of Ss attaining the concept as a function of the variables 
of interest. Analysis in terms of frequencies of attainment yields 
a type of assessment which may or may not be correlated with total 
errors. 

A. Criterion: Since for a given problem, blocks were equal 
in terms of number of positive and negative instances, it was pos- 
sible to establish a post hoc criterion of concept attainment in terms 
of errors per block. Two such criteria were considered: one block 
with no errors, and two blocks with no errors, in both cases per- 
mitting a maximum of one error per block following the qualifying 
block(s). Permission of one error per block following attainment 
without disqualification was included because of the occasional report 
by Ss that they made "careless" errors after solving the problem. In- 
deed, this was borne out in that there was a negative relationship 
between concept size and the number of such errors following attain- 
ment of either of these two criteria. That is, the simpler the prob- 
lem the greater was the number of Ss attaining the concept, and the 


greater was the number making a single error following attainment, 
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46 
by either criterion. In only two cases did an S make two errors in 
different blocks following the perfect block(s). None made more. On 
this basis then, the occasional errors following attainment were not 
disqualifying. As for the definition of attainment as one or two 
perfect blocks, one block appeared to be the more reasonable since 
under the two block criterion 19 Ss were able to verbalize the concept 
correctly without having attained the criterion. When the one block 
criterion was employed, however, only nine of these "false negatives" 
remained. This number could more easily account for those Ss who 
attained the concept during the last block after making some errors, 
and therefore this appeared more valid as a criterion of attainment. 

B, Attainment: The overall number of attainers by this cri- 
terion was 128, or 67% of the Ss. (By the more stringent criterion 
106 Ss, or 55.2%, would be attainers.) Among these, the modal block 
of attainment was block 2 for the one-relevant-dimension group, and 
block 4 for each of the three- and five-relevant-dimension groups. 
Table 4 shows the distribution of attainers and nonattainers by 
concept size. It is clear that the distribution of attainers was con- 
sistent with the error results in that the proportion of attainers 
decreased as size increased. This distribution was tested by chi- 
square and found to be statistically significant (x* = 41.39, 2 df, 

p <.001). Frequencies of attainment vs. nonattainment by proportion 
of positive instances as shown in Table 5 were also found to be sig- 
nificant (v2 = 10.88, 3 df, p <.02), and the distribution of attainers 
again was consistent with the error results in that the 4/8 condition 


had the highest proportion of attainers followed by 1/8, 2/8, and 3/8 
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Table 4 


Frequency Distribution of Attainers-Nonattainers by Size 


2 
Attainers X = 41.39; af = 2 


p <.001 


Nonattainers 


Table 5 


Frequency Distribution of Attainers-Nonattainers by Proportion 


Proportion 


1/8 2/8 3/8 4/8 


Attainers X° = 10.88; df = 3 


Pp <.02 


Nonattainers 
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48 
in that order. It is of interest to note that exactly half the attain- 
ers were men and half were women, 

C. Concept Verbalization: One of the items on the Subject 
Information Questionnaire was: "Describe the slides that went into 
the 'plus! category". While such verbalization of the concept did not 
constitute primary data in the present study, these data were nonethe- 
less analyzed since concept learning studies have often used concept 
verbalization as their primary measure of concept learning. The re~ 
sults might then be more easily compared with such studies by the in- 
terested reader. 

Subjects were categorized as verbalizers if they stated all 
positive values of all relevant dimensions, and if they were accurate 
when mentioning irrelevant or constant dimensions. Table 6 shows the 
distribution of verbalizers-nonverbalizers by attainers-nonattainers. 
While 76.6% of the attainers were able to accurately state the con- 
cept in writing, it is of interest to note that nine nonattainers, or 
14.1% of the nonattainers, were also able to do this. This suggests 
that some may have attained the concept during the last block. 

The 128 attainers were categorized by verbalization and con= 
cept size in Table 7. The interaction chi-square was not significant 
( x? = 5.72, 2 df, p<.10), but does approach an acceptable level. 

The same was true for the verbalization by proportion frequency dis- 
tribution as shown in Table 8 (xe = 5.81, 3 df, p <.20). The percent- 
age of attainers able to verbalize the concept was less for the 4/8 
condition than for any of the others, even though the percentage of 


attainers was the greatest for this condition. Only 64.9% of attainers 
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Table 6 


Frequency Distribution of Verbalizers-Nonverbalizers by Attainers-Nonattainers 
Attainers Nonattainers 


Verbalizers 98 9 


Table 7 


Frequency Distribution of Verbalizers-Nonverbalizers by Size 


Size 


Ver balizers 


Nonverbalizers 


Table 8 


Frequency Distribution of Verbalizers-Nonverbalizers by Proportion 


proportion 


1/8 2/8 3/8 4/8 


Verbalizers 


Nonverbalizers 
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were able to verbalize the concept at 4/8 as opposed to 88.6% at 1/3, 


78.8% at 2/8, and 74.9% at 3/8. 


Types of Instances 


Differential performance on positive and negative instances 
was of interest in an attempt to shed light on the concept learning 
process. However, because the numbers of positive and negative in- 
stances presented to Ss was varied, direct test of error differences 
on all the data was neither meaningful nor appropriate since the 
possibilities for error were not constant, 

A. Percent Errors: For exposition purposes, percent errors 
were plotted. Figure 4 shows percent total errors as a function of 
proportion for positive and negative instances separately. Each point 
on each curve represents the percentage of errors out of the total 
possible errors at that point for that type of instance. Percentage 
of errors on positive instances generally decreased as the proportion 
or number of such instances was increased, On negative instances, 
however, the percentage of errors was close to 15% at all proportion 
levels with the exception of the 3/8 condition which had 25.2% errors. 
These functions showed an interesting reversal. The percentage of 
errors on positive instances was greater than on negative instances 
when their frequency was low=--or when there was a great eying 
between the proportions--and this relationship was reversed as the 
proportion of positive instances was increased and the disparity in 
frequencies was reduced. Looking at these curves from another vantage 


point, the negative instance function might be lowered at 1/8 and 2/8 


oe oT iS, | ig he 4 | do : 
~ y ie lo ao x 
- 


at te ms 88 of song oa A te Sa0on09 


= ‘ 
7 
“1! 


, i" ” i 
er a dolas’ ‘- 
; : nie a : 


ion 
seornsfent ovitagen bres ovidlaog ro Sonmanitnes 1 
sntnuel dyeones edt mo tHnil bee oa signed 8 an at 


al evisasen bue evitieor to. a vod ish eaunced pe. 
avoretettth io1te to suet townth boitay amy 28 of besneee: 


oT 


end eonie etattqe qa tor Littsntnson vedi tow ecw bien 


ea) 


dren! teado Som bal worTe ‘ot vote orem 


<, 
ators Inected ,wonoqing not lseogne 10% apie gugoset on ~~ 


ie 
ote 
“to nottomt 2 es ator | Letos to@o tog ewore # etysit .bestolg 


$ntoq dosd ,y¥ledntarves soonetent ovidagen ca ovit tog ‘to? sot nes F 

fatos odd ‘to tuo atotte ‘fo egntnsonet ont ‘atmmnenten oe ts 

szetneorel .sonstent . to eqyt arte 02 inkoq duct da exorte « tat 
nelsreqetq oft es heesetoeb vi faery, sae atiuan web gaan 


= orn 
,seonstant v baat a0 - heoneront daw eeonetont dows ws 


rs Se ¥ 


Day bes 


s : ° Pe a he my 2 
aolstoqong 7 ta. Ret Bm axdlo saM 2 xo te spednnnog ett Late 
mh + a» . = ‘a Rig a aa 4 
.s1oT1e &.e8 bart dodsiw nol tbaoe Near 0 cattqeoke. et igtw of 
: ok Pp lam 6s a 


to spaltneo'ted eit? Spe tever: _antinoreto ax be 


soonstent ovisayer 0, cua sah eaten 
; ; elt / ia Ree te 


ee ee a 


wiieqedb PReTR 2 ane onan 8. 


c y 
a CF 


eft es beewores enw ate ad . ; bets Br 
at ytiueqath od? br bosses s ee ae 


ai it 
egotnar wedtons mort vey wo “at 4 we eit 
we ’ 


@\S bre “ de betewol od pas 


51 


o————_——-® Positive Instances 
o- — — — —) Negative Instances 


20 


Percent Possible Errors 


104 


1/8 2/8 (3/8 «4/8 
Proportion Positive Instances 


Fig. 4. Percent possible errors as a function of proportion of 
positive instances for both positive and negative instances. 
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52 
due to probability learning in these conditions, causing the two curves 
to deviate from parallel. 

Ficgure 5 shows these same data over the six blocks of trials. 
The functions appear to be relatively consistent from block to block 
in all proportion conditions. The two curves in each proportion con-= 
dition are, for the most part, relatively parallel. At 1/8 the per- 
cent errors on negative instances dropped as a function of trials in 
a very smooth negatively decelerating manner. Positive instance 
errors started out considerably higher (approximately 50%, or chance 
level), remained at this level in the second block, then dropped in 
a relatively parallel fashion with negative instance errors, main- 
taining the greatest disparity between the two types of instances of 
any of the proportion conditions. In the 2/8 condition both curves 
are somewhat closer together with the rate of decrease of negative 
instance errors somewhat lessened and the slope of positive instance 
errors considerably decreased overall. In contrast with the 1/8 
condition, percent positive instance errors on the earlier blocks 
were strikingly fewer. Between the 2/8 and 3/8 conditions the posi- 
tive and negative instance error curves reverse, such that at 3/8 the 
overall negative instance function is higher than the positive in- 
stance function. While the positive instance curve is similar to 
that at 2/8--showing perhaps a slightly sharper slope--the negative 
instance curve shows a large elevation over 2/8, accounting for the 
greater number of overall errors in this condition. At 4/8 this re- 
lationship between the two curves is maintained, but both are lower 


in percent errors. 
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B. Analysis of 4/8 Data: Since at the 4/8 level the propor- 
tions of positive and negative instances were equal, and thus, the 
possibility of error scores the same for each, it was possible to test 
the difference between types of instances, as well as the interaction 
of types with the other major variables with the exception of pro- 
portion. The 48 Ss at the 4/8 level were analyzed in a split-plot 
design with size constituting the between Ss variable of interest, and 
blocks and type instance, as well as the interactions, constituting 
the within Ss variables, Table 9 shows the results of this analysis. 
The significant size and blocks main effects and size x blocks inter- 
action yielded no new information except in that these results with 
equal numbers of positive and negative instances were consistent with 
the results of the overall analysis. The significant instance type 
main effect confirmed the indication given in Figures 4 and 5 that the 
overall differences between positive and negative instances was sig- 
nificant. The nonsignificant blocks x type interaction supports the 
earlier observation that the two curves are relatively parallel over 
blocks. The significant size x instance type interaction showed that 
the difference between positive and negative instance errors increased 
as the number of relevant dimensions was increased from one through 
five, the greatest difference being between the one-and three-rele- 
vant-dimension conditions. At the one-relevant-dimension level the 
difference was very slight due to a low number of mean errors--close 
to zero=-over most of the blocks. 

C, Analyses Within Instance Types: In order to compare posi- 


tive instance performance as a function of the (approximate) number 
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Table 9 


Analysis of Variance of Errors at 4/8 Proportion Condition 
Including Type of Instance as a Variable 


Source dt MS F 

Size 2 40 89 11.,.09** 
Error, 45 3.69 
Blocks 5 48 .06 64, 45%* 
Type 1 50.77  68.05** 
Blocks x Type 5 -80 1.08 
Size x Blocks 10 2.03 2 sf2* 
Size x Type 2 15.63 18,27** 
Size x Blocks x Type 10 lve’ 1.63 
Error, 495 ot is 
Total 515 

* p <.01 


** p <,001 
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56 
of negative instances randomly interspersed, i.e., proportion of nega- 
tive instances, an equal number of positive instances was analyzed 
for all proportion conditions regardless of number of intervening 
negative instances, That is, mean errors on the first twelve posi- 
tive instances were compared for each proportion condition by size. 
(All proportion conditions had twelve or more positive instances.) 
The same procedure was followed to obtain error scores on the first 
48 negative instances. (All proportion conditions had at least 48 
negative instances.) 

The results of analyses of variance of error scores are pre- 
sented in Tables 10 and 11 for positive and negative instances, re- 
spectively. Both the proportion and size main effects were signif- 
icant in each case, but the interactions were not. Figures 6 and 7 
show errors as a function of size for each proportion condition. In 
Figure 6 it appears that for positive instances the 1/8, 2/8, and 3/8 
curves are clustered, while the 4/8 curve is very superior at the 
three-relevant-dimension level, and remains superior at the fPive- 
relevant=-dimension level. Except at 4/8, performance on positive 
instances is superior at the five-relevant-dimension level as com= 
pared with the three-relevant-dimension level. 

For negative instances, Figure 7 shows the 4/8 condition 
superior to all others, the 3/8 condition the worst, and the 1/8 
and 2/8 close together about midway between. The relationships be~ 
tween the four curves are very similar to those which occur in the 
main analysis of the overall data, presented in Figure 1, 


The meaning of the proportion variable in these two analyses 
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Table 10 


Analysis of Variance of Errors on First 12 Positive Instances 


Source af MS F 
Proportion 2 29 59 2 99** 
Size 2 143.77 29 .12** 
Proportion x Size 6 9.90 2.00 
Ss/Groups 180 4 od 
Total 191 
#* p <.001 

Table 11 


Analysis of Variance of Errors on First 48 Negative Instances 


Source af MS FE 
Proportion 3 328.08 9. 74** 
Size 2 1787 .83 53 .06** 
Proportion x Size 6 20.43 
Ss/Groups 180 43.69 
Total 191 


** p <.001 


‘ty ey  -OF efdet ¢ 
aeodetenl evitinol Sf dexl no ss0T<S to 


*ene.2 .es é 
9g) of TT.ehr Ss 
00.8 = Dee 2 
Ro, ¢# Ont 
rer 
=. ae 
rt efdel - —— 


eoonsten! evicanoll af taxtl co erott® Yo someiteY te ete’ 


q oy th 

«= ~_— —_ — 
wept 9 &0. 8st é 
#830. t2 ER. TRST ¢ 

ef 08 a 

Co. .t¢é OFT 


ih 


"uot aT puod uot qa0d 
~O1d Yous 10J azzTsS Jo UOT IOUNZ wv se sodUBAs 
“UT @ATQVBOU gy YSITJ uo s10119 UBeW *, 


(SuOoy;suemT™d JUBAGTeY Jo 1equNN) szT¢ 


S £ 


I 


8/h O-------9 
AM Se | 
8/2 O- = = =O 


8/1 @———____@ 


@ 


o 
on 


N 
ei 


02 


(a6 


ua 


SlOIIZ @<AT eZee ues 


"uot yTpuods uoytzaod 
~O1d yoee 3103 ezTe Jo uozTAOUNZ wv se sooUL IE 
~UZ PATIPSOd ZI 4YSATZ uo B10I149 UBeW “9 *3T4 


(SUOTSuemIT( JUBABTeY JO aVquNN) ezTg 
S e I 


~o N 
SIOIIV @eATITSOg usvep_ 


9 


o) 
rae 


o& 


/ & f 
oe £.: : 
© Semekanestd Yneveledt Yo asda) ssic 


&/ <al ovitagan 8 ge723 no etoTz9 meaM = .% .3?° 


-o1g dogs 102 esle to noljonv) & a8 eeoness 
| .S0lhslbaus acit10q 


etvcpas BrLEoxe 


. 
. 


wevy | 


is | 
2 ae aes 
(anolsnemid tnavelss# io asdmu) esi 


-ak ovitheoq Sf texi3 no e10370 assM .8 .g28 
~oFq d969 363 exile Yo soijoav2 # a8 SSone7e° 
noliibaoes solsreq 
4 


29 
is not the same as its meaning in the other analyses. In considering 
errors on only the first twelve positive instances, the proportion 
of positive instances is thus held constant. Differences between the 
four proportion groups must, therefore, be attributable to other fac- 
tors associated with the proportion levels in this case. The obvious 
variables distinguishing the proportion levels here are number of 
interspersed negative instances together with distribution of practice. 
Less obvious, but possibly of importance, are systematic differences 
in Ss expectations of the number of remaining instances at any point, 
and experience in the task situation, the latter carrying with it the 
possibility for learning the category frequencies. For the analysis 
of negative instances, the proportion variable here refers to the 
effect of number of interspersed positive instances and distribution 
of practice, along with these other less obvious variables. 

Assuming that the major influence on the results is the number 
of the opposite type of instances interspersed, Figure 6 suggests 
that number of negative instances has little or no facilitative in- 
fluence on positive instance performance since the condition with the 
fewest negative instances, 4/8, is superior to the others which are 
higher in mean errors and clustered together. Except for the 3/8 
curve, the order suggests that negative instances may have an inter- 
fering effect on positive instance performance. The differences found 
in Figure 7 indicate that performance was best on negative instances 
in the condition having the greatest number of interspersed positive 
instances, but worst in the condition having the second greatest num- 


ber interspersed. The conditions with the least positive instances 
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were close together and in between. Thus, there seems to be no clear 
trend on the proportion variable if it is interpreted to refer only 
to interspersed positive instances. 

If the possible benefit from probability responding and its 
likelihood are considered, then the order of the curves in Figure 7 
lends itself to interpretation. The 1/8 and 2/8 groups stood to bene- 
fit most by probabilistic responding, and the frequency differential 
was probably most obvious in these conditions, At 3/8, however, ob= 
viousness was probably lower and potential gain was also minimal, 
Statements on the "Subject Information Questionnaire" are consistent 
with this reasoning. Therefore, it is possible that the 1/8 and 2/8 
eurves are "out of order" in the sense that they not only reflect 
the influence of different numbers of interspersed positive instances, 
but also reflect a greater tendency for Ss to respond on the basis of 
learned frequencies enabling them to reduce the number of errors made 
on negative instances, Without such benefit the 1/8 and 2/8 error 
curves may have been higher than the 3/8 function. The similarity 
between the 1/8 and 2/8 conditions might indicate that in this range 
the net effect of performance facilitation by interspersed positive 
instances and by probabilistic responding may be approximately equal. 

Probabilistic responding should be reflected in positive in= 
stance performance by an increase in positive errors, this being 
greatest for the condition with the smallest proportion of such in- 
stances. This appears to be the case, except for the 3/8 condition, 
if any trend is discernible. The elevation in errors at the three- 


relevant-dimension level as compared with the five-relevant-dimension 
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level, for the 1/8, 2/8, and 3/8 groups, might well have occurred be- 
cause Ss responded on the basis of differential frequencies to a 


greater extent at this level. 


Pre-attainment Responding 


A. Errors: Mean errors per block on Ss prior to attainment 
of the concept were plotted for each of the proportion conditions, 
These curves are shown in Figure 8. It is clear that pre-attainment 
performance was consistent with overall mean performance on the pro- 
portion variable in that the curves fell in the same general order. 
This suggests that the results obtained in the earlier analyses of 
error scores were not simply a function of differential rates of con- 
cept attainment, 

B. Probabilistic Responding: In order to determine whether 
Ss were aware of differential frequencies of positive and negative 
instances, and used this information in their responding, they were 
asked on the Subject Information Questionnaire (Appendix II) whether 
they responded more frequently with one of the two buttons prior to 
attaining the concept, and to state the reason if their answer was 
affirmative. Those Ss who answered in the affirmative, and who gave 
the reason that they discovered a differential in frequencies between 
the two categories, were tallied by size and proportion condition. 

At the one-relevant-dimension level none of the Ss indicated awareness 
of the differential frequencies. At the three-relevant-dimension 
level, out of 16 Ss per proportion condition, the frequencies were as 


follows: 12 at 1/8; 4 at 2/8; 2 at 3/8; and 0 at 4/8. At the five- 
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Mean Errors 


Blocks 


Fig. 8, Mean errors as a function of blocks of trials prior to attain- 
ment of criterion for each level of proportion, 


“Ar e———e 
ca Ca See | 
Ne O-------0 


t 


ca 
at Spe ee oe eT ‘ 


“ 5 “A » 
s 


-ntiasde “o? s0l7q @falx3, 20 wage 
Re ie _ hol, " 


«leas pane . 
a 
‘ , e : las ti i <r 


63 
relevant-dimension level the frequencies were as follows: 5 Ss at 
1/8; 3 at 2/8; 1 at 3/8; and 2 at 4/8. It appears that the differ- 
ential may have been less apparent as size was increased from three 
to five dimensions. Another point of interest here is that two Ss in 
the 4/8 proportion condition reported that they detected a difference 
in frequencies. Both of these thought there were more positive than 
negative instances. 

Mean errors on pre-attainment blocks were plotted to compare 
performance, on both positive and negative instances, between Ss who 
claimed that they responded on the basis of differential frequencies 
and those who did not. These results are presented in Figure 9 for 
the 1/8, 2/8, and 3/8 conditions, combining the three- and five- 
relevant-dimension levels. At 1/8, the "frequency recognizers" were 
clearly superior on negative instances and showed greater superiority 
with trials. On positive instances their performance was worse than 
that of the "nonrecognizers" on the first half of the blocks, but the 
two groups were approximately the same on the last three blocks. At 
2/8 the "frequency recognizers" were generally inferior to the "non- 
recognizers" on negative instances, although this difference essen- 
tially disappeared in the last two blocks. The relationship between 
the two curves on positive instances is very similar to the relation- 
ship found at 1/8. At 3/8, the performance of the "frequency recog- 
nizers" is superior to the "nonrecognizers" on negative instances, 
but worse on positive instances. It should be noted that there were 
17 "frequency recognizers" at 1/8, while there were only seven at 2/8, 


and three at 3/8. 
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These comparisons do not particularly clarify the picture, 
except at 1/8, There the two S groups were almost equal in numbers 
and the functions are consistent with expected performance based on 
probabilistic responding. At 2/8 the results are not consistent 
with probabilistic responding, but the "frequency recognizer" group 
consisted of only seven Ss. At 3/8, the three "frequency recognizers" 
theoretically had little to gain by freauency responding, but their 
performance was superior on negative instances and worse on positive. 

To investigate the possibility that some individual Ss used 
maximizing as a strategy (i.e., responding 100% of the time with the 
category most frequently correct), individual S records were inspected. 
It was found that at 1/8, four Ss had response records indicating 
possible maximizing, but in each case this occurred on only one pre- 
attainment block. One additional S possibly maximized for one block 
at 2/8, There were none at 3/8. Thus, it is clear that a maximizing 
strategy was not used extensively. 

To determine whether evidence of pre-attainment probability 
matching would show up in individual S records, the ratio of errors 
per block to expected errors under probability matching were plotted 
separately for each S in the 1/8 condition at the three- and five- 
relevant-dimension levels. Inspection of these curves yields no clear- 
ly interpretable indication of probability matching since most records 
showed great variability along with a general downward trend. 

It is possible to view concept learning as an all-or=none 
phenomenon, as do Bower and Trabasso (1964), in which case pre-attain- 


ment performance is seen as devoid of concept learning; or else it may 
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66 
be viewed as an incremental process, as assumed by Bourne and Restle 
(1959), in which pre-attainment responses are partly a function of 
concept learning. This distinction becomes important in the present 
study since pre-attainment responding based on differential frequen- 
cies is of particular interest, and therefore, assumptions about the 
composition of pre-attainment responses determine what is acceptable 
evidence of probabilistic responding. 

Under the assumption of an all-or-none model, pre-attainment 
responding based on probability learning should show up in differences 
in button pushing between proportion curves. Under the assumption of 
an incremental process, on the other hand, it must be assumed that 
concept learning is intertwined with any probabilistic responding that 
may be present pre-attainment. In this case, the effects of probability 
learning are apparent only through inference rather than by direct ob- 
servation. 

To compare group mean responses with what might be expected if 
Ss were responding on the basis of probability matching, mean "plus" 
button responses were plotted as a function of blocks prior to attain- 
ment of the concept. (It will be recalled that attainment is defined 
as one perfect block with not more than one error per block there- 
after.) Figure 10 shows these results. Assuming an all-or-none model, 
pre-attainment responding should be at approximately chance level or 
a mean of eight "plus" button responses per block despite the propor- 
tion of positive instances if probability learning were not occurring. 
The differential deviation from chance obtained in the order of the 


four curves is perfectly correlated with the order expected if prob-= 
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Blocks 


Fig. 10. Mean "plus" button responses made prior to attainment for 
each proportion condition plotted over blocks. The solid horizon- 
tal lines at 2, 4, 5, and 8 on the ordinate indicate the expected 
frequencies under probability matching for the 1/8, 2/8, 3/8, and 
4/8 conditions, respectively. 
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68 
abilistic responding were occurring. Generally, the curves are higher 
than would be expected under pure probability matching. In other 
words, Ss tended to respond prior to attainment by pressing the "plus" 
button more, and the "unmarked" button less, than would be expected. 
This holds for all proportion levels. It should be pointed out that 
because these data refer to pre-attainment responses, number of Ss 
decreased with blocks, and did so differentially with the proportion 
variable. Thus, the faster concept learners were not represented in 
the curves as blocks increased, leaving the slower learners and non= 
learners. Of major importance here, however, is the fact that the 
curves are in the order that would be expected in probability learning 
if an all-or-none model is assumed. 

These data probably should not be interpreted as clear evidence 
of responding based on probability learning, however, because the four 
curves in Figure 10 would be expected to fall in this same order if 
Ss! responses were based on partial concept learning, with no proba- 
bility learning involved. That is, either probabilistic responses or 
event matching responses should result in the order of the four curves 
as obtained, if concept identification occurs in increments over the 
course of trials. 

To determine whether stationarity would be a reasonable assump- 
tion, the last pre-attainment blocks were omitted at the 4/8 level, 
and mean errors for this group were calculated. This was done to see 
whether or not the deviation from chance performance might be attrib- 
utable to learning in the last pre-attainment block. The means over 


five blocks dropped from 5.4 errors on the first block, to 3.8 errors 
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69 
on the second, and were at approximately 2.5 errors on the last three 
blocks. These findings do not support an all-or-none assumption in 
the present data, and deviations from chance responding should not 


therefore be interpreted as evidence of probability responding. 
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DISCUSSION 


The major findings of the study may be briefly summarized 
as follows: 
1. Error Analyses 

a. Total errors increased as a function of eeererti an of posi-~ 
tive instances from 1/8 to 3/8, but were lowest at 4/8, 

b. Total errors increased as a negatively accelerated func- 
tion of size. 

c. Size and proportion were found not to interact. 

d. Errors as a function of blocks decreased as a smooth loga- © 
rithmic function. 
2. Concept Attainment 

a. The number of Ss attaining the concept increased as a func- 
tion of proportion of positive instances in the order 3/8, 2/8, 1/8, 
4/8, 

b. The number of attainers decreased as size increased. 
3. Positive and Negative Instances 

a. Percent positive instance errors decreased as proportion 
increased. Negative instance errors were relatively constant at 
all proportions except 3/8, where errors were higher. At 1/8 and 2/8, 
percent positive errors exceeded negative, and at 3/8 and 4/8 the 
relationship was reversed. 

b. When an equal number of positive and negative instances 
were presented, errors were greater on negative instances. The dif- 


ference between positive and negative errors increased as size in- 
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71 
creased. 

ec. The influence of negative instances on positive instance 
performance was not found to be facilitative, and perhaps served to 
interfere with optimal performance. The influence of positive in- 
stances on negative instance performance was somewhat uneven, but 
may be regarded as having been facilitative if probability learning 
is assumed to have been present in some conditions. 

4, Pre-attainment Responding 

a. Mean errors over blocks prior to concept attainment dif- 
fered for the proportion groups in similar fashion to the overall 
mean error functions. 

b. The number of Ss reporting that they responded on the basis 
of differential frequencies was greatest at the three-relevant-dimension 
level, with none at the one-relevant-dimension level. The number of 
such "recognizers" varied as a function of the frequency differential. 

ce. “Frequency recognizers" were superior to other Ss on nega- 
tive instances pre-attainment in the 1/8 and 3/8 groups, but not in 
the 2/8 group. In all three groups "frequency recognizers" made more 
mean positive errors than did other Ss. 

d. Probability maximizing was evident as a strategy in few 
cases, if at all. There was also little direct evidence of proba- 
bility matching. 

e. Pre-attainment "plus" button responding was proportional 


to the differential category frequencies. 
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The fact that the variable of proportion of positive instances 
was statistically significant confirms the prenotion that this is a 
variable of importance in concept identification performance. This 
demonstration, together with the fact that studies often hold this 
variable constant, leads to the conclusion that performance levels 
obtained in such studies may well be at least partly a function of 
the constant proportion level selected, and the results should be 
interpreted accordingly. Schvaneveldt (1965) has recently demonstrated 
that this variable is important in a trials to criterion task as well. 

The present study found that performance deteriorated as 
proportion of positive instances increased, with the exception of 
the condition in which the frequencies of positive and negative in- 
stances were equal. Except for this condition, the present results 
are in direct contrast to Schvaneveldt's findings which showed that 
performance improved as proportion of positive instances was increased. 
This difference is confirmation of the writer's prediction of the re- 
sults that should oceur in a fixed trials situation as opposed to a 
trials to criterion task. This prediction was based on the reason- 
ing that in a fixed trials situation Ss may be able to utilize dif- 
ferential frequencies with some effect upon performance measured in 
terms of total errors, whereas they would not be able to do so to 
the same extent in a trials to criterion situation. 

The most likely explanation for the overall error results on 
the proportion variable lies in the presence of two oppositional 
factors. On the one hand, it might be expected that concept learn- 


ing would be better as the proportion of positive instances is 
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increased. On the other hand, as the frequency disparity between the 
categories of positive and negative instances is increased in the direc- 
tion of fewer positive instances, performance should be enhanced by 
the opportunity for probability learning and responding on this basis. 

The various analyses of error data are generally consistent 
with this point of view. This interpretation would suggest that in 
the overall error results the 1/8 and 2/8 groups are lowered in errors 
as a result of probabilistic responding. It is not unreasonable to 
assume that probabilistic responding had little effect on 3/8 error 
scores since Ss in this condition had relatively little to gain over 
chance performance by responding on the basis of frequencies as com- 
pared with the 1/8 and 2/8 Ss. 

The curves showing percent errors on positive and negative in- 
stances by the different proportion conditions are also consistent 
with this explanation. These results indicate that percent negative 
instance errors are relatively low at 1/8 and 2/8, while positive 
instance errors at these same levels are higher than at 3/8 and 4/8, 
This is what would be expected under probabilistic responding. That 
is, Ss should show lower percent errors on negative instances in 
proportion to the magnitude of the disparity, but should show an 
elevation in percent positive instance errors. If one assumes that 
more event matching is occurring on positive instances, however, then 
this effect of probabilistic responding may not be as evident in 
positive instance error results. 

The data on the first 12 positive instances and on the first 


48 negative instances are also consistent with the probability 
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74 
learning explanation. When the data on the first 12 positive instances 
are considered, it appears that frequency responding likely exerted 
an effect on these data in that errors generally increased as the 
number of interspersed negative instances increased. This is consis- 
tent with the expectation that responding to the category with the 
greatest frequency would tend to elevate positive instance errors 
as the frequency disparity is increased. The data on the first 48 
negative instances also support this view in that the 1/8 and 2/8 
groups fell midway between the 3/8 and 4/8 groups in errors, sug- 
gesting that the influence of number of interspersed positive instances 
was obscured by responding on the basis of the learned differential 
frequencies. 

The probabilistic responding explanation of the data is con- 
sistent with the findings of Mandler, Cowan, and Gold (1963). They 
found that Ss probability matched prior to concept attainment. Their 
finding that this occurred to a lesser extent as the concept problem 
became more difficult is partially consistent with the present re- 
sults in that verbal reports of Ss suggest a greater amount of fre- 
quency responding at the three-relevant-dimension level than at the 
five-relevant-dimension level, but none at the one-relevant-dimension 
level. | 

Under pure probability matching in the present study, Ss in the 
1/8 condition would be expected to make 3.5 errors per block; in the 
2/8 condition, 6.0 errors per block; and in the 3/8 condition, 7.5 
errors per block. Thus, it is clear that the 3/8 condition Ss had 


almost nothing to gain by probability matching. The 2/8 condition Ss 
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15 
had a bit more to gain, and the 1/8 condition Ss had a great deal to 
gain over random responding. Under probability maximizing, the order 
is the same, but all three of these groups would have been able to 
benefit even more, as compared with random responding. If the results 
are viewed in light of expected benefit they are consistent. 

Attempts at directly observing probabilistic responding in the 
data were largely unsuccessful probably because of the complexity of 
conceptual functioning. While some Ss claimed to have responded on 
the basis of differential frequencies, comparison of their pre-attain- 
ment error means with the other Ss at that proportion sondtoten did 
not provide a uniformly clear substantiation of verbal reports, 
except at 1/8 and 3/8. The "frequency recognizers" at 2/8 did not per- 
form as would be expected. Inspection of individual error records for 
probability maximizing and probability matching yielded little clear 
evidence of either type in its pure form, Preeattainment errors and 
pre-attainment "plus" button responses both showed results consistent 
with probabilistic responding, but did not provide direct evidence 
since an assumption of "all-or-none" learning cannot be made. Thus, 
in the present data, deviation of pre-attainment responding from 
chance is not adequate as direct evidence of probability learning. 

The absence of direct evidence does not rule out the likelihood 
that the major results are best accounted for on the basis of dif- 
ferential frequency responding. It is highly likely that the size 
of the blocks, i.e., 16 instances, constitutes an insensitive indicator 
of probability matching or maximizing, particularly since a solvable 


problem always existed. Subjects could very easily respond on the 
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76 
basis of probabilities for a portion or portions of individual blocks, 
but respond on the basis of hypotheses in other portions of the blocks. 
AS may well have adopted the stratezy, "if in doubt, press the un- 
marked button". Indeed, this is probably the optimal approach since 
it would constitute a combination of partial concept learning with 
probability maximizing. If this were in fact the case, neither probea- 
bility maximizing nor probability metchine would be directly observable 
in the data. 

The results of concept attainment vs. nonattaimment as related 
to the different proportions of positive instances is perfectly con- 
Sistent with the overall error results in that the greatest mumber of 
attainers occurred in the 4/8 condition, followed by 1/8, 2/8, and 3/8 
in that order. At first glance this congruence would seem to be as 
expected. However, the explanation tendered for the error results 
does not necessarily apply in the case of concept attainment. Although 
probabilistic responding could account for differential error rates 
between the proportion conditions, it is not obvious that this would 
also lead to differential frequencies of attaimment. On the contrary, 
it might be expected that atteaimment would be more consistent with 
Schvaneveldt's (1965) results such that the frequency of attaimment 
would increase as proportion of positive instances is increased. 

It was considered that the reason for this consistency between 
measures might be that when Ss attained the concept their errors 
dropped to essentially zero. Thus, differential rates of concept 
atteinment could account for differences im mean errors without there 


being any differences in mean errors prior to attainment. Graphs of 
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(7 
mean pre-attainment errors over blocks were shown to vary as a function 
of proportion of positive instances in similar fashion to the overall 
mean errors presented among the results of the overall error analysis. 
This suggests that the overall results did not arise from differential 
rates of attainment. 
| Two other alternatives suggest themselves as possibilities in 
an effort to explain the congruence between error and attainment re- 
sults. The first is that each constitutes an independent assessment 
of arcs and that they both result from the same phenomenon. 
Since attainment should not be directly affected by presolution proba- 
bilistic responding, but instead should reflect learning or identi- 
fication of the concept, then its correlation with error results 
suggests that perhaps the error results too reflect mainly concept 
learning and not probabilistic responding as has been suggested. If 
this is the case then the results of the present study are inconsis- 
tent with other results involving proportions of positive and negative 
instances. The research by Hovland and Weiss (1953) and by Schvaneveldt 
(1965) would lead to the prediction that learning, and hence performance, 
would improve as the proportion of positive instances is increased. 

The superiority of the 4/8 condition is the only finding which is 
consistent with this prediction, while the other results are oe 
opposite. Thus, the difference between the present results and earlier 
findings argues strongly against this proposition. 

This leads to the remaining alternative, namely, that perhaps 
differences in error performance in some way led to differential fre- 


quencies of attainment. Eventual attainment of the coricept may be 
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78 
facilitated by greater accuracy throughout the course of the problem 
regardless of the basis for such accuracy. Oonsistent with a con- 
ditioning approach to concept learning, it is possible that the 
greater the number of positively reinforced responses to a given 
type of instance, the stronger will be the association of that type 
of instance and its correct response. Despite the factors which 
preceded the making of correct responses to particular types of in- 
stances, viz. probability learning, reinforcement of those responses 
in the form of informative feedback should lead to differential con- 
ditioning of responses to types of stimuli. Thus, this explanation 
suggests that as the number of correct responses increased, so too 
did the number of Ss who learned the differential response to the 
different types of stimuli to a criterion of 100% correct responding. 
If this explanation is valid, then the two primary measures-<errors 
and attainment--are not independent. This is also consistent with 
the usual finding of high intercorrelations between measures (Bourne, 
1966). 

An additional finding of interest is that errors increased as 
both a linear and quadratic function of size. This negatively accel- 
erated function confirms the earlier finding by Wargo (1960). Both 
studies used similar methodology and ran Ss for a fixed number of 
instances. By the same token, the present results are inconsistent 
with those of Bulgarella and Archer (1962), and with those of Walker 
and Bourne (1961). Here again there is the suggestion that when run- 
ning Ss for a fixed number of trials, the differential frequencies 


serve to facilitate error reduction to a greater extent as size is 
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increased, producing the negatively accelerated function. 

If the absence of a significant size x proportion interaction 
is considered, however, then the validity of this suggestion is ques= 
tionable. The proportion functions across size must be regarded as 
not significantly deviating from parallel. Described another way, 
the rate of increase in errors as size was increased did not signifi- 
cantly differ for the proportion conditions. Since the proportion 
conditions permit different degrees of probabilistic responding, de- 
viation from parallel would be expected if the major cause of the 
negatively accelerated function was attributable to differential de- 
grees of probabilistic responding as size was increased. These data, 
then, do not support the proposition that the differential frequencies 
will serve to reduce errors to a greater extent as size is increased. 
It is of interest to note, however, that in the 4/8 condition, where 
probabilistic responding was impossible, errors appear to have in- 
creased in a linear fashion as a function of size, while the other 
three functions were clearly curvilinear. This lends some support to 
the proposition of differential rates of error increase. Overall, how- 
ever, the data relating to’ this point do not strongly support the 
original proposition. 

Results of the analysis at the 4/8 proportion level on types 
of instances show that performance on positive instances at this level 
was superior to negative instance performance, and that this dif- 
ferential increased with size. This may be due to the fact that 
there were more different kinds of negative instances than of positive 


instances, except at the one-relevant=-dimension level. The number of 
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80 
kinds of negative instances increased with size, while there were al- 
ways only two kinds of positive instances. 

Another finding worthy of mention is that the pre-attainment 
"plus" button response curves show evidence of a positive response 
bias. That is, Ss tended to make "plus" responses more frequently 
than would be expected on the basis of any factors identified as 
operating thus far. This may be a function of the instructions, or 
perhaps a function of the manner of designating the categories, i.e., 
"plus" vs. "unmarked", 

In conclusion, the major findings of the present study have 
serious implications for concept learning research. The finding that 
different category frequencies led to differences in performance 
suggests that when a fixed number of trials is employed, the propor 
tion of positive and negative instances of the concept is a factor 
to be considered in that results may vary as a function of any dis- 
parity, very likely due to probabilistic responding. Some studies 
which have employed such methodology might be re-examined on the basis 
of the present demonstration, 

The present results suggest that the use of errors as the 
measure of performance in a fixed trials concept identification task 
may yield results based on factors inherent in this methodology un= 
less steps are taken to guard against these special effects. Indeed, 
other experimental situations outside concept research may exist where 
probabilistic responding is possible. The researcher should be aware 
of the presence of this possibility. So, too, should the educator be 


cognizant of this in connection with the communication of concepts and 
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the assessment of conceptual learning. 

In general, it would seem advisable that the researcher or 
educator employ equal frequencies of positive and negative instances 
so as to eliminate the possibility that probabilistic responding will 
affect performance when such responding is not of interest. 

If the probability learning explanation for the results of 
the present study are valid, then they lead to interesting implica- 
tions for an understanding of human conceptual functioning. They 
suggest that human beings may well utilize differential frequencies 
when a category response is demanded in a situation. It would appear 
that probabilistic responding might constitute a well learned approach 
to problem situations among adults to be employed where problem- 
relevant information has not yet been learned. But, perhaps most 
importantly, if this is the seemingly irrelevant basis upon which cor~ 
rect pre-solution responses are sometimes made, the eventual attain- 
ment of the concept may not greatly suffer since concept attainment 
was greatest in those conditions where pre-attainment correct responses 
were greatest. Since some of these conditions were held to have low 
error rates because of probability responding, then it is suggested 


that high rates of correct responding may lead to concept solution. 
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SUMMARY 


The present study investigated the effects of proportion of 
positive instances (1/8, 2/8, 3/8, and 4/8), and concept size (one, 
three, and five nonredundant relevant dimensions) on errors in a 
two choice, visual, conjunctive concept identification task where 
Ss were presented a fixed number of 96 instances. 

Mean total errors were found to increase as proportion of 
positive instances increased in the range 1/8, 2/8, and 3/8, but 
were lowest at 4/8. Mean total errors increased as a negatively 
accelerated function of size. The interaction between these two 
variables was not statistically significant. Errors per block of 
16 instances were found to decrease in a smooth logarithmic manner 
as blocks increased. Post hoc criterion analysis of concept attain- 
ment showed results consistent with overall error scores. Analysis 
of positive vs. negative instance errors at the 4/8 proportion con- 
dition showed that performance on positive instances was significantly 
superior, and this difference increased as size increased. 

The results of the study suggest that Ss in the 1/8 and 2/8 
proportion conditions reduced pre-attainment errors by responding on 
the basis of learned frequencies. Frequency of concept attainment 
was explained as resulting from the number of correct reinforced 


responses made prior to attainment. 
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APPENDIX I 


Instructions to Subjects 


"In this experiment you are going to see a series of 96 slides 
projected on the screen in front of you. The slides will differ from 
each other in certain ways. Your task will be to assign each of 
these slides to one of two categories represented by the two buttons 
on the panel in front of you. It will be up to you to figure out 
what it is about some of the slides that makes them go into the cate- 
gory marked by the plus sign. After each slide is presented to you, 
you are to decide whether or not it belongs in the plus category. If 
it does, then press the button marked by the plus sign. If you don't 
think it belongs in that category, then press the unmarked button. 


"As soon as you press one of the buttons the light above the 
button which was the correct button will go on. So, if the light 
goes on over the button you pressed, then you made a correct response. 
If the light goes on over the other button, then you made an error. 
The light is simply to tell you which button you should have pressed. 
Try to make as many correct responses as you can. 


"A slide will stay on the screen until both of you have pressed 
a button. Then the next slide will come on. Press the button you 
decide upon as soon as possible, but being correct is more important 
than speed. Once you press a button you cannot change your mind, so 
be sure before you respond. 


"You are not competing with each other. It is merely more 
efficient to run more than one person at a time. Each of your deci- 
sions are being recorded separately. 


"Now remember, it is up to you to figure out what it is about 
some of the slides that puts them in the plus category. For each 
slide, decide what category it goes into and press the corresponding 
button. The light will tell you which button was the correct one. 
Your score will be the total number of correct responses that you 
make," 
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APPENDIX II 


SUBJECT INFORMATION QUESTIONNAIRE 


Name Sex Age 


Faculty Year 


1. Were you able to figure out what it was that made some of the 
slides go into the "plus" category? 


Describe the slides that went into the "plus" category: 


2. After you figured it out, did you make any more errors? 


If you did, explain why: 


3. Before you figured it out did you press one of the buttons more 
often than the other? 


If you did, explain why: 


4, Additional comments: 


Tagore etom ys paler voy bib yoyo ar bound sey 1 


7 


a elitleaclanling niin 
atom anoténd ef’ To end seat voy ‘ee S10. or ben oe 


Raw Data: 


APPENDIX III 


Errors Per Block For Each S 
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One Relevant Dimension 
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Three Relevant Dimensions 
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